Abstract. Long-period and broadband body waves from 14 digital seismic stations are used to investigate the rupture process of the December 7, 1988 earthquake near Spitak, Armenia, USSR. The inversion of these data gives the following centroidal source parameters: strike 299 ø, dip 64 ø, rake 151 ø, depth 6.3 km and seismic moment 1.5x1019 Nm, indicating that on average the earthquake had a strike-slip mechanism with a substantial reverse component. The broadband waveforms, however, show significant complexity; they are best fit with a source model that includes three sub-events, very similar in size, but with distinct focal mechanisms and locations. Rupture apparently initiated as a shallow reverse fault at a point of maximum bending on a right-lateral strike-slip fault, and then extended bilaterally, In this study, we started with the long-period seismograms to determine the average properties of the source, and then refined the model using the broadband records.
In this study, we started with the long-period seismograms to determine the average properties of the source, and then refined the model using the broadband records.
Inversion Results
The results of a series of inversions we performed are summarized in Table 2 . The long-period model (model LP-PS) indicates that, on average, the Armenian earthquake had a strike-slip mechanism with a large reverse-faulting component. The mean (centroid) depth is about 6 km, the seismic moment is 1.4x1019 Nm, and the source duration is about 18 s. When we invert the broadband data using a single point source, we obtain essentially identical results (model BB-PS), however, the model does not provide adequate match to the data (Figure 2) , indicating that the source process was more complicated. The main features of the data that the single point source model cannot adequately reproduce are the amplitudes in the early portion of the waveforms (e.g., compare BB-PS and 3S for COL in Figure 2 ) and the large amplitude arrival about 10 s after the first motion (e.g., SLR and CHTO). We have attempted to explain the complexity of the broadband waveforms in terms of the effects of crustal structure (Moho, low velocity layers), but such effects fail to have correct polarities, sufficient amplitudes and the required arrival times to fit the data simultaneously at all the stations. To explain these features, we were forced to subdivide the rupture into three phases. We do this by introducing three Table 2 Using a moment tensor summation, the combined mechanism of the three subevents (BB-SUM, The HRV and station names ending with "B" are broadband seismograms, the rest are long-period. "BB" and "LP" denote broadband and long-period scales. Seismograms are normalized to a gain of 1500 at a distance of 40 ø.
2). The moment released in the sequence (BB-SUM) is equivalent to an earthquake of magnitude Mw = 6.7.
Discussion
The centroidal parameters of the Armenian earthquake, obtained from inversion of both the long-period and broadband data (Table 2) To explain the broadband data, we subdivided the model into three subevents corresponding to three stages of the rupture process. The mechanism of the first subevent indicates that the rupture initiated on a reverse fault. The fault strike and the sense of slip for the first subevent are consistent with the surface break mapped south of Spitak. The shallower depth of this subevent with respect to the other two, and perhaps also the difference in mechanism, may explain why only this part of the rupture reached the surface. The seismic moment estimated from the field measurements (the vertical slip of 1.6 m; lateral slip of 0.5 m; fault length of 8 km; and width of 8.8 km, based on the seismologically determined fault dip and centroid depth of 3.1 km) is 3.5x1018 Nm, which is somewhat smaller than the moment we deduced for the first subevent. This indicates that the faulting corresponding to the first subevent extended beyond the surface fault break, probably westward, eventually triggering the third subevent. The duration of the first subevent is at least 9 s, considerably longer than would be needed under normal circumstances to rupture an 8 km segment.
The second stage of the rupture initiated 4 s after the earthquake origin time, before the first stage came to completion. The mechanism of the second subevent and its position to the southeast with respect to the first subevent indicate that this rupture was associated with fight-lateral stfike-slip faulting on a northwest-southeast striking fault, which appears to be delineated by the aftershocks and a pronounced topographic valley to the southeast of the epicenter (Figure 4) . Because the first and second subevents overlap in time, the derived parameters trade-off to some extent with each other (for example, it is possible that the second subevent includes effects of some strike-slip faulting on the westward part of first event's rupture). However, the agreement of our teleseismically derived parameters with the field observations and the aftershock distribution adds confidence to our interpretation. Moreover, in spite of the differences in the faulting mechanisms, the principal compressional axes for these two subevents are ofiented north-south as is generally observed for events in this area, reflecting the north-south collision of Arabia with Eurasia. The third subevent is well separated in time from the other two and therefore its parameters are well resolved. It corresponds to strike-slip faulting at the western end of the aftershock zone. The maximum compressional axes for this mechanism, however, is rotated counter-clockwise by about 43 ø with respect to that of the first and second subevents, indicating that this faulting is likely to be associated with some pre-existing zone of weakness or stress redirection due to heterogeneity. Because well-located aftershocks at the western end define a clear east-west linearion following the trend of the major valley at 40.9 ø N, we choose the east-west striking nodal plane as corresponding to the fault plane, implying right-lateral strike-slip motion. A LANDSAT image of the region shows that, in the area where our third subevent is located, the major east-west trending valley is intersected by a second prominent valley, which may be a strike-slip fault about 25 km long with a strike of about 265 ø (Figure 4) . The third subevent possibly occurred at the western end of the aftershock zone either on this intersecting feature or the eastwest trending valley. We interpret the third subevent as faulting on a pre-existing zone of weakness, thereby explaining the difference in P axes orientation. 
